a r t i c l e i n f o
Although polyandry is common, it is often unclear why females mate with multiple males, because although polyandry may provide females with direct or indirect fitness benefits, it can also be costly. Our understanding of polyandry is also restricted by the relative paucity of studies that disentangle the fitness effects of mating more than once with a single male and mating with multiple males. Here we investigated potential benefits and costs of polyandry in the horned beetle, Gnatocerus cornutus, while controlling for the number of matings. We found that female life span was independent of mating frequency, indicating that mating itself is not very costly. However, females that mated more than once laid more eggs and had greater lifetime reproductive success than singly mated females. Because the magnitude of these effects was similar in monandrous and polyandrous females, this improved fertility was due to multiple mating itself, rather than mating with multiple males. However, although polyandrous females produced more attractive sons, these males tended to have smaller mandibles and so may fare less well in maleemale competition. These results indicate that polyandry is relatively cost free, at least in the laboratory, and has direct and indirect benefits to female fitness. However, because the attractive sons produced by polyandrous females may fight less well, the indirect benefits of polyandry will depend on the intensity of maleemale competition and how free females are to exert mate choice. Where competition between males is intense, polyandry benefits via son attractiveness may be reduced and perhaps even carry costs to female fitness. © 2015 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Polyandry, in which females mate with multiple males, is common in many species of birds, mammals and insects (Arnqvist & Nilsson, 2000; Hosken & Stockley, 2003; Jennions & Petrie, 2000; Taylor, Price, & Wedell, 2014) . However, we do not fully understand why females mate with more than one male, especially because mating can be costly. Mating requires time and energy (Huchard et al., 2012) and can increase the risk of parasitism (Kemp, 2011 ), predation (Rowe, 1994 , disease (Poiani & Wilks, 2000) and injury (Arnqvist, Nilsson, & Katvala, 2005) . Polyandry can also elevate the intensity of sexual conflict (Holman & Kokko, 2013; but see Pizzari & Wedell, 2013) and select against male parental care ( Kokko & Jennions, 2008; Queller, 1997) . However, given that polyandrous mating is so common both across and within taxa (Taylor et al., 2014) , its benefits must sometimes outweigh these considerable costs.
Polyandry may allow females to minimize the costs of male harassment if resisting courting males is more expensive than accepting these extra males as mates (Harano, 2015; Panova et al., 2010; Rivera & Andr es, 2002; Thornhill & Alcock, 1983) . Alternatively, polyandry could offer direct, material benefits transferred at or after mating that improve female life span or fecundity (reviewed in Arnqvist & Nilsson, 2000; Hosken & Stockley, 2003) . For example, in decorated crickets, Gryllodes sigillatus, males transfer a nutrient-rich nuptial gift to females at mating and females that mate multiple times and receive many such gifts live longer than females that mate less frequently (Burpee & Sakaluk, 1993) . Polyandry could also provide indirect
